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Cornifins/small proline-rich proteins (SPRRs) belong 
to a family of proline-rich proteins that function as 
cornified envelope precursors. We report here an 
immunohistochemical analysis of human cornifin-a 
and -(3 expression in several stratified squanlous epi-
thelia. In normal human skin, cornifin-a was ex-
pressed in the granular layer of the epidermis of 
palnIoplantar skin, in the inner lining cells of the 
follicular infundibulum, and in the inner root sheath 
of the hair follicle. It was also expressed in the upper 
squamous layers of the oral, esophageal, and vaginal 
epithelia. Corni6.n-(3 was detected in oral, esopha-
geal, and vaginal epithelia, but not in normal skin. 
Immunoblot analysis revealed quantitative differ-
ences in cornifin-a expression in skin from different 
regions. Studies of specimens from various skin dis-
eases showed that (i) cornifin-a was up regulated in 
inflammatory skin diseases, hyperplastic lesions, and 
in well-differentiated squamous cell carcinomas 
(SCCs), (ii) the expression of corni6.n-(3 was absent in 
I n the tina l stage of keratinocyte ditl:erentiarion, cells form a comified cell enve lope (CE) composed of a layer of co-va lently cross-linked proteins. These cross-links consist of €- (y-glutamyl) lysin e isopeptide bonds between specific en-velope prec ursor proteins such as in volucrin (Eckert and 
G reen , 1986). loricrin (M ehrel rl al. 1990). cystatin-a (Takahashi <:1 
nl. 1992). comit-ins/sm a ll proline-rich proteins (S PIU:ts) (Ka rtasova 
,md van de Putte . 1988; Marvin ef al. 1992). clatin, ftl laggrin. and 
keratin intermcdiate filament~ (Stein crt and Marekov, 1995). Cor-
nitin is a gene fami ly of proline-rich protei ns expressed in sq ua-
mo us-diffcrentiarcd epithe li al ce lJ ~. T he cDNA en cod ing comifin-a 
was first c loned from a sq uamous-d iffe renti ated rabbit tracheal 
epithelia l (RbTE) ce ll c DNA libra ry (Smits ef ai , 1987). The amino 
acid ~equence revea led that it has a high content of pro line (3 I 'X» 
~nd glu tamine (20'Yo) and contains a unique octapeptide repeat 
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inflammatory skin but was detected in hig hly differ_ 
entiated keratinocytes in well-differentiated sces of 
the skin and some other hyperproliferative skin le_ 
sions, and in SCCs of the oral mucosa and esophagus. 
Northern blot analysis revealed that cornifin-a 
mRNA was present in all the squamous epithelial 
tissues studied, whereas cornifin-(3 mRNA was ex_ 
pressed in oral mucosal epithelia and verrucous car-
cinoma of the skin but neither in normal nor in 
psoriatic skin. These resuJts indicate that (i) the 
amount of cornifin alSPRRl expression in normal 
human skin depends on the body region, (ii) cornifin_ 
aISPRR1, but not cornifiJ1-(3, contributes to the in-
tegrity of the hair follicle, and (iii) the expression of 
cornifin-(3 is induced in some hyperplastic skin dis-
eases only when the keratinocytcs undergo extensive 
squamous differentiation. Keywords: COYllijittISPRRlill_ 
IJoillcr;IIlkeratittocl'telco",,(/ied e,,,,elope. ] lI11Jest DallldtO[ 
108:200-204, 1997 
(consen sus sequence. EPCQ PKV P) at its C tertnitlll s (Marvin cf Ill. 
1992). ImlTIuno blot and imJ11 un o precipit;l ti un a n ~ l yses of protein 
extracts from cultured RbTE cell s and norm al hum an epidermal 
keratinocytes (N H EK) have shown that th e express io n of comi-
fi n-c~ is induced during sq uam olls diffCrenriation anci ch'lt c~) rnifitl -a 
bccomes cross-linked w ith itse lf and /or with othe r prote ins by 
Lramglu taminase I. supporting a ro le ofco rnilin-n as a CE precursor 
protein (M arvin 1'101. 1 <)92; Stein ert 'll1d Marekov. 1995). Seq uence 
com parison has shown that t he 3() :tn lin o acids at the N te rminus of 
one of the SPn..R family . SPR.R I . arc 97'Vo idc ll tica l w ith thosc of 
cornifi n-a all d that each protein contaim at its C te rminu s a tand em 
repeat th a t differs by o nl y one ami no ac id (Kartasova and vall de 
Putte. 1988; Marvin ,,( " I. 1992; G ibb 1'1 ai , 19(3). On ~ m ember of 
the SPlU~ gene fa mil y. also rdcrred to as pallcol11ulin. has been 
recently demonstrated to be a CE precursor protein ,\cting as an 
amjne donor as wel l as acccptor in transgiu ta lllina sc-cata lyzcd 
reactions (Greco 1'( al. 1995). 
T he eDNA clone C12 encoding ct1rniti n-i::! W ,\ S recently isolated 
frol11 <l cDNA library prepared fi'om po ly(A» RNA ofsquall1o us-
difFerentiated RbTE cell s. T hl' amin o acid seq uence of 12 
revealed a high content of pro lin e ( 19'0,) and a 2 1-ta nd el11 rc-
peat of a less wcJl-con~ervcd octape pticie (collsem us ~equcncc. 
uG*T *VP). T he repeat ~eq u ence~ ex hibit a 50-!17% identity with 
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sequences in SPIUU (Gibbs 1'1 til. 1993). Imlllullobiot allalpis 
howed tltat cornitin-/3 ('rOlein can be cros,-lil1ked by trallsg-lutall1i-
nase typc I. suggesting that il functions alsl) as a CE precursor 
(Austin 1'1 al.19%) . 
Analysis of corllitil1-CY exprcIsioll ill varia LIS tissues alld species 
indicated that the di,trihution of conritin-a IlIlt.NA and protein is 
specificaJly as~ociatcd with tissues undergoing squamous diffel'cl1-
tiation. such as tilC skin. esophagus. alld tonguc from rabbit. mousc, 
and humall (Marvill 1'1 III. 1992: Fujimoto 1'1 al. 1993) . The 
expression pattel'll of human l·ornitin-O'/SPR.RI protein in the 
norma) hum,," skin was sil1)ilar to. but more restricted thall. that of 
invo)ucrin (Fujimoto 1'1 ai, 199.1: Hohl i'I ai, 1')')5: Koizumi ('I al. 
1996). Diffcrcntial cxprcssion of SPI:tRI. SPI:tR2. and SPIUU 
protein in thc hUIII"" skin and the upfJer digeq'ivl' tract ha.1 been 
reported (Hohl ('I al. 19')5). 
[/1 the current study. we exall1ined in detail the expression of 
cornifin-/3 in human skill and It'veral other hunlall epithelial lissues 
and comparcd its l'xfJrcssiol1 patteI'll with thai of cornifin-(¥. 
Northern blot and in1l11L1l1ohlor ~Ilaly,i~ and iml1lunohistochemistry 
demonstrated that ('omit-ill-a is expressed in the ,kin as well as in 
the upper digestive mlcr, where,,' cornitin-/3 is eXfJre,sed pril11arily 
in the upper digestivl' trace, and its expressiOll i, induccd in sOllie 
hyperproliferative and mali~Il:\IIt skin le sions. 
MATElUA1S ANI> METll0ns 
Antiseru.n To dl'tL'ct the l';\:prC\i~i(111 of cOfllifrll-tr proteill ill hUI1I.11l 
tissues. " polyclollal amibody. SQJ7C-Ab. II'''' r.li'cd a[,:aillsi ehe hi[,:hly 
conserved c"rboxyl-tcnllil):" dOIll.ill oJ" 1Illlilall <"omilill-n. SPll..R I. CI'-
STVTPAPAQQKTKQK . 1'0 del",1 Ihe "xprc"inll of' l'orni lill-J:l prOlcin . " 
polycloJlal alltibody. C 12I'EPJl-Ah. \Va.' rai'cd a[,:aillSt " pl'ptidc ill th,' 
carbo ~I- tcnninal do,".,iIJ 0(" r.,"hil ('orllilill-/~. I'QP(;YTK VPESC;CTS-
VPGSGYSVI. Polydoll,,1 rahhit nlltihodi," "[,::,iml hlllll<lll illvolucrill wcr(' 
purchased frol1l iliolllcdica l Tl'dlllOlol-:i," IIl "- (Seoll~htoll. MA). Alilihod-
ics were med al " IO(J()-roIJ <iilwioll . 
HUDlaD Skin Samples S.lIlIplcs "rlll)mr:rllrlllllall ,kill ('cal". h.lC k. "rrll. 
,ole. and palm) Wl'rc oillailll'd Ii-olll li vl' pl",tic surg"ry !,ali",,,, . Sample, of 
the oral and tongul' l'pilllcliUll1 were ni>r.lillcd frOTll fouf biop'\)' ~Jl('CiIlTCTlS 
of lhe oral huccal 11111("O'fl ~lIld (WO hiop"y '\fll'ciT11~J1" of lite long-uc .• 111 of 
wh.ich were dia[,:Il",,,d .l, nonll,,1 li,,"e, . S.""pk~ of skill alld l'!,ilildi.rI 
di,cases were "'kered rro,n para Rill hlock< or hiOI")' '!,cei'"ell' in ollr 
dcpartIncnt. .satl1pll'~ of the porrio \ · .lgin:1 li~ were nhl~tillcd frOl1l :'llltO}-"), 
'pecimells in the I'atlrollll-:Y ~cceioll or Ok.,)'a,n:l Ulli\'l'r<it)' II"'pie .IL 
CeU Culture NIIEI<, (l' l'il'ack) werc porrcha<cd li'n ," I IIr.lh" 111 ('. 
(Osaka. Japan). alld l'Illrllrl·d ill kl'l'a,ill"c),Il'-Senllll - Frce Mediulli ( ,\llen 
BRL, Gaithersbur{!. Mil) ;r< ",,'erihed pr""imrsl), (h'jil11utll 1'1 III. 1'J<l3). 
ccn~ were grown lo COTll"iuCTtCl' iu :1 60-nll"l1 lis'li llc culture dish :llld 
harvested in I nil l,f dCII.llllrill{! ~()llIlioli 1,,,· i'ol.,lion or total RNA . 
Immunohistoc!tc,njstry Irnl11IlIHlpcroxid:l sc "taining wa" dune ", de-
scribed previol1sly (Fujimoto 1'1 III. 1'>')3) wilh ,Iil-:'" 11\0dillca,ioll<. l)cpar-
affinized ,celio)!' (5 I.w,) were illl'l,h"lcd wilh hlocking 'oilltioll (7.5 ':1., ",ilk 
powde ,-~ II}'., bovine o;;CfU Itl albulllin, IOIX) lIonll:ll !;(,l:lt serul11) for (,n 111ill. 
and then a IOOO X dilution or Jnli-humall cOtl,itill ,,,,,i'l'nll" or IIorn"rI 
rabbh serunl jn bloc killg so lutioll . SlIh:;,("qllC..'lllly. li ssut' scctiotls wcn' 
incubaccd firse with hio~ill)'lnll:d J,lu.,t-.lnti-r;,hbit I~G (HISTOFINF.. 
Nichirc i Inc. Tokyo, Japall) and 11"'11 wi,lr <Irepeavidill-ho.-,cradish perox-
idase (HISTOFINE. Nichirei Inc.) f<1I' 60 II,in cadI. InIl1I1II101','aclivi'), wa, 
\'isual;zed lIsing diaminobcn7idin,'. The '~ctio", Wl'rc cOlllltcr.'ailled with 
1%, mcthyl grecn. 
lmmunoblot Analysis Cdl, "'''1'1' ",,,,hl'd twice in phmphate blllf"rcd 
,aline with 1 nlM cdlyll'IIl:di"nlilll'll'tra",;clic .,eid :II,d 2 ,"M I'lwlI )' llIl"th-
yl~ulfonyIHuoridc. Ce ll< w"r" " 'I'aped \ ilh a ,ubher p"liceman directl)' ill 
ISU J-Ll ofextractioll blllfer (Il.IIS M Tri«lrydroxY"I"lh),I)"n,illoll1cehaIlL'.1'11 
7.5.2 111M phenylll,clh),I'lrifollyllllioride. 11 .5 ,"M cthylcllcdialilillcrctraacc-
tic acid, and I (J I-'--~ pcr 11r1 or P 'I"t"in A. ,""il'aill . ICllpeplili. "lid 
chynlo~tatiJ1) .'Iiupplcnlclltl'd with ei the r 1 'XI NP..JO or 1.5%, 'odilllll dodccyl 
sulfate, sonicated. and cl'lllrifugcd . "i"lIc~ froln nOTln.11 and p~\)riari c "kin. 
hUnlaJl oral nlllCo~a. alld ,kin tllJllors "Ollch .1<; sec .ll1d VcrnH.'OU' carcinolll:l 
(VC) were IH)l1logeni7l'd ill t'xlractiol1 blltrel" cont.tilling' J ."fX. ~nJilllll 
dodccyl sulf"(,, . Aft"r protcin """y. n·II. ;\lld ti,,"c ~xtr.ICl, w"l'e mixcd 
with 1/3 volumc of ~ X \;II IIple h"a"r (I M "I<·rO\l·. WYo, ,udill'" dod"c)'1 
sul(.,te, 0.25 M Tris(hydro')'"ll'llryl),"nillo",ctl,n'H', pI I (, .K. l).tll".'. , hnHIIO-
phenol blue), heated ill the l'I'e: ~ellce or 2-II",r, ':ll'loeJi","01 101' S ,"ill al 
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,)5 °(;. and tlrcn ~rorrd nl - 7()"C. 1II111ILlliohior ,,"alysi' was per/ormed as 
dC'icrihl'd previously lIsing I \ 2~1Iprotl'i n A (Marvin rt al. 11)92). 
Northern Blot Hybridization bolalion oftourl RNA was performed hy 
Olcid gu'lnidilliul11 thincY,lTHlIe-phellol-chlorofoflll extraction or by ~I\i cro­
Sc:rlc Tutal RNA Scpnrnror Kit (CLONTE H. Pnlo Alto. A). 'evel1 
1JI1Crogr;1111S of torn1 I1...NA prepared frorn earh hO\iSUl' \\' Cft..' ~cparated using 
I 'X, dCllntllrill!-( :r~arose gcl "lid hlolred to H)'bond N (Anlcrsham. l3uckill~­
h:llnshire. EIIgl,,"d). North"rn blot< wer" probed with rhe E",RJ-excised 
O.(,(,-kbp in<crt of SQ3 7- I ill pHlucscript SK- Or with the Er"R.I-e"ciscd 
O.9-kh\-, inse rt of C 1.2 ill pGEM-JZ. Probes" crl' laheled with I Q'_ I! Pld TP 
lIsin~ th" "(,Iiiprilile DNA lahelillg 'ys!C11I (Al11cr<hal11. 13uckingharnshirc. 
EII~I,",d) . Aller ',),hridi7al-il111 (IH-2~ h :If 42°C). blols were ","shed alld 
alltoradiograplrcd. 
RESULTS 
Human Cornifin-a Is Present in Skin and Seve.ral Other 
Squamous Epithelia Whereas Cornifin-/3 Is Absent in Skin 
Immunohistochemistry revealed that cornifin-al PfUl...l staining is 
restl'ictcd to the C}'tOphlSI1I of the granular cells of the normal 
hUlI1an epidermis fi-om palnlOplantar skin (Fig 1a), but the cxpres-
sion of cornifin-a protein ill the intcrfollicular epidermis of the 
scalp was limited to sparscly distributed, granular ce lls closc to the 
infundibuluIII (Fig IdJ, s(If,III (//,(,'"I'III'fII/s). On the other band, the 
'call' skin demonstrated illtel1se cornifin a / SPRR I staining in the 
inner litlin~ cells of the follicular infundiblllum aud isthmus (Fig 
J d2) . III the skill obtained froll1 the bllttock and ann. thc cxpression 
of cornifin-a was II0t detected in che epidermis (not shown). There 
was no imlllunoreactivity in thc horny layers. as obscrved previ-
ousl},. The cornitill-(l'/SPR,R I protl'ill was clearly expressed ill 
luminal cells of the acrosyringitlln (Fig ta, dJ, SIIIfIII amll/ls). In the 
hair folliclc. cornif-in-a/SPKR 1 WnS expres~ed in the inncr root 
sheath (IRS) 3bo\'c rhe Imtnx cells and below the cornified part of 
the she:llh ill tlll' longiludinal scction (Fig l .~) . This ""sult was ill 
cOlltrast to the exprcssiOll of involucrin in both the inner "lid the: 
ollter mot sheaths (ORS) (Fig t,). Thc matrix cells in the hair bulb, 
thc outer root sheath below the level of the isthmus. and the eccrinc 
alld apocrine secrceory segments were II0t stained for cornitill-a. 
Expre'sion of eOfllifin-!3 was IIOt observed in the epidermis and in 
tile skill "ppcndagl's (Fig I b,d,e2,/r). 
In the or,,1 nlllcosa. thc pattern of IIlaturation differs in differcnt 
regiolls. allowing I'l'cognition of the two main types of ('pithdium: 
keratinized alld l10nkeratillizcd epiJilelilllll. onkeratinized "fJithe-
lia u,ually have thicker l'pitheli~1 cell la 'ers than keratinized 
epithelia (Stluier "lid I Till . 1 (89) . In nonkcmlini zl'd oral btlcca l 
IlIUCOS". cornitin-a, cot11i611-!3. and involucrill staining wcre ob-
sen'ed in rh,· cytopla .~1II of the cpithdial cells ill the tipper spinous 
cell 1;I),ers (Fig tj,k,T) . A similar sl:lining patlern was observed ill 
tlll~ epithelium of the ('sophag;us and tongue (Austin ('I al. 19(6) . In 
the sJ'ratitied squamotls l'pithcli~ or the portio ".lgill"lis e,\oc('f\,ix. 
the c)'toplaslllic staining ofillvolucrill bcgan in lhl' middle efJithelial 
layer .)Ud shifted to tire strollg staining ofrhe ce ll pl·riphcry of "I' per 
squamous epithelial layel's (Fig 10) . Expression of human corn i-
till-(V alld -{3 W;IS also detected ill the ccll peripher)' of upper 
epithelial cell, (Fig 1m,II) . 
Expression of Cornifin-/3 Is Induced in Hyperplastic and 
Malignant Skin Lesions We compared the expression partem 
of these three I'roteitl.< ill illt-lallll1lacory il'siom ofboch thl' skin and 
the oml ",ucosa. In the specimen ohtaineci froll1 an erythema on thc 
ami of;1 p,)tiellt with pityriasis rosea. the ill1ml1nohi~tochemi,try 
usillg SQJ7C-Ab showed staining ill thc cytoplasm of thc grallular 
cells (Fig 2a). As reported prcviomly (Fujimoto 1'1 al. 199.1). rhe 
expression of cOl'llitill-a wa~ increa-'l'd in p,oriasis vulgaris (Fig 2tf) 
and lichell planus of the <kill (nol ,howII) . The srainillg pat'll'rn was 
~ill1ilar ro that ofil1volucrin (Fig 2.f). omitin-tJ was not expressed 
in pityria,is I'Osca. p~OI'ia Jic vulgaris (Fig 211, e). or lichen plallt" of 
till' skin (not ~hown) . III oral lichen plallu s. rhe l'xpr{'s,ioll or both 
cOl'llitin-a and -{3 wa~ increased and ~ howed a prominent cYh1p las-
mit' staillillg patlcfTI (Fig 2,~.") . TIl<' ('xpressioll ofinvolul'rin ill oral 
lichNl planus ~ a~ strongly uprq!;ulated (Fig 2/). Ne,\t. we exam-
illed the expression of conrifill-ct alld -/3 ill pfolifi.'rative and 
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Figure 1. Cornifin-a is present in normal skin and several other 
squamous epithelia, whereas cornifin-/3 is absent in normal skin . 
The nOn'nal skin specimem were obtained from the palm and the scalp. The 
oral mucOuS epithelial tissue was obtained from the buccal mucosa. The 
,tratified squamous epitheli;ll tissue of the vagina is from an autopsied 
sample of pOl-rio vaginal is. The skin and epi thelial tissue specimens were 
fixed for 18-24 h in a I (l·X. neutral buffered forma lin . IJ11J11Ull0peroxidase 
stai ning was carri ed out usi ug anri-colllifin-o: antiserum (SQ37C-Ab) 
(n,d / ,(12.gJ, III). auti-corn;fin-/3 antiserum ( U2PEPB-Ab) (h,e l ,e2, II ,I<, II), 
or anti-il1volucrin antiserum (r J I Jl';,I.o) . (n,b ,c) normal skin from palm; 
(d ,e,f) nom,al skin from scalp; (~,II,i) hair foll;cle: (j,I<,1) epithe lium from 
buccal mucosa: (1II,II.n) epithe lium from portio vaginalis. SlIInll nrrouos in (n, 
dl) iudicate acrosyringia: (lIl'ouoilends in (d/) indicate discontinuous staining 
fo r comifin-o: in the granu lar layer. Lmge nm'uo, in (III) indicate sta.ining for 
corn ifil1-CI' in the cell periphery, Srnie linrs, 100 /1m 
m alignant lesions or the skin and mucosal epithelia. In both verru ca 
vulgaris and condyloma acuminatum, comifin-O' was strongly 
expressed in the hyperplastic epidermis (Fig 3a,c) , whereas human 
comifill-{3 was limited to large, well-differentiated keratinocytes 
(Fig 3b,d). All of ten keratoacanthoma specimens studied showed 
uniform homogeneous staining for cornifin-O' in the cytoplasm of 
well-differentiated cells in the tumor nests. Comitin-O' was not 
ex pressed in poorly differentiated ce lls at the o utermost layer of th e 
tumor nest (Fig 3e). Comitin-{3 was expressed only in the highly 
differentiated cells located in the cente r of the tumor nes t (Fig 3j) . 
Eight cases of SCC of the skin, two cases of SCC of the oral 
mucosa, one case of VC of the skin, and one case each of SCC of 
the esophagus and the vagina were eva luated. In well-differentiated 
SCCs of the skin , on11 mucosa, esophagus, and vagina, and in VC, 
the reactivity for corn ifin-O'/SPRR 1 was in creased in the cytoplasm 
THE JOU llNi\L 01- INVES rlGATIVE DER.MATOLOCy 
Figure 2. Expression of cornifin-ll' and involucrin is increased' 
k ' l' TI . f" 'll infia"?matory S ll? CSJOIlS . Ie ~CCtl 0 1l S ~onl ~,ryriasis rosca, PSoriaSis 
vulgan s, and oral hchell pIaJlU ~ were cxa llllned InllllUIlOhistochcnucaU . 
using anti-cornifin-a anti<erulIl (SQ37 -Ab) (tI,d •. ~). 3Ilti-cornifll1-/3 anti~ 
S~rLlI~' ~CL12PEPB-Ab) (b,d,). or anti-ill o.lucrin .alltiscrum (cJ;i). (n,b'f) 
plt),Tlasls rose": (d,eJ) psonasls vulgan s: r.~ , ,,.,) o ral hche n planus. Scale ban 
100 JLIll . '. 
of large, well-differentiated cell s localizecl in the center of the 
tumor nests (Fig 3g,i,k) . In poorly diffe rentiated SCCs and undif. 
ferentiated ce Us at the periphery of the tumOl' nes ts of differentiated 
SCCs, the co mifin-O'/SPIUU protein was not ex pressed (Fig 31). 
The expression of comitiJl-{3 was detected in the SCCs of oral 
mucosa, esophagus (Fig 31), and vagina and in large, highlv 
differentiated cells ofSCCs and the V of the skin (Fig 3 /1,)). Both 
cornifin-O' and -{3 were not expressed ill basa l ce ll ca rcinomas (not 
shown) . 
Figure 3. Expression of cornifin-~ is induced in hyperproliferative 
and malignant skin lesions. The sections rrOl1l SOme hypcrprolifcr;lIlve 
and 111alignant skin I-'sion s Wl'rc reacted with anti-cornifin-a antisenun 
(SQ37C-Ab) (a,c,e,R,i,k) or all ti-corni ti ll- (:l lI1lti,erum (CL 12PEPB-Ab) 
(b,dJ,"J,I). (a,h) verruca vulgari.: (r,d) cOlldylolll a acuminatum; (rtf) kera-
toacanthoma (KA); (~' '') verrucom c:1rc ino l11l1 (VC) of the skin: (id) 
well-differentiated SCC of the ski n: :lIld (k ,1) the SC of esophagus. S(nir 
bnrs, 100 JLIll. 
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Figure 4. Cornifm-lr and -f3 protein arc expressed in different 
squamous-differentiated epithelia. Pr"teill' were e"tracted li'om 1I0r-
mal and Iesion;1i skill tis,"e, "nd 20 J..L~ or l"l'loso li c proteill I er ,ample "'ere 
subjected to sodillm nodec)'1 <llif;lIc-plllyacrylamide 1(e1 Clel"ll'Ol'h,'re,i, alln 
then examined hy illlll1l1l1oblot ,,":li y, i, lI,il1g SQJ 7C-i\h (II) alld 
C Ll2PEPB-Ah (II). (n) t ,I/I" I. lIormal 1111111 ,111 epidenlli, li·,lI11 trllllk: IIIII/' 2. 
normal hUll1an ('pidcnl1i~ (f(l1n '\014..-; /o" r 3. 1101111:11 h1ll11.111 epidl.Tll1i\ frwl1 
sca lp; Inll fs -1,5. p""oriati c '\kil1: 11111(' 6, \'crrUl"llll'\ ca rc inoma ; Itllll' 7. oral 
mucosa; Inlles 8,9,,, 24 h-cxl'0slIre Or/lll1fS (',7. resp 'cti"'I),: IIIIIc.< 10, 11 .. .1 
3-d exposure of" /nlll's /. 2, ""peetiv"I),. (II) LOll,' /. lIorlllal 11I1I11all ,'pide","i, 
froLl1 trunk: fall(, 2. l1 (lflt1ul hlllllilll L'pidl'nllis froll) so le; /''''(' .i. no nnal 
hunlan cpidcnni" IrOnl ~r a'p ; ImH'.( -1,5, p<iior;atlc "kin: lOlli ' 6. \! c rr\J COU ~ 
carcinoln~: I",w 7. oral IlIUCOS:l. Mok'c lllar lIw" ... eo; (ill h.Da) .In' ~hOWl1. 
Levels of Cornifin-H and -/3 Protein Differ Quantitatively 
BetW'een Anatomic Regions The SQ37C-Ah recogn ized ~ 
major 14.0-kOa protein in extracts fi-nmnormal skin obtained from 
sca lp (Fig 4a, II/I/(' 2) . sole (Iollc J). psoriatic skin (III lIf' -I rl lld 5). 
verrucous ca rci nom a (111111' 6). alld oral nlllCOS<l (1,'11" 7). Thl' 
14.0-kDa protein was 1I0t detected in the extracts from lIortWII skin 
obtained ~i-om the trunk of an adult in short-ti nl e exposure (/lIIll' /) 
but was dctectable after a 3-d exposure (Inllt' /0) . T he SQ.3 7C-Ab 
also recognized a protein slightly "n'ger than 14.0 kl)a in p'oria(ic 
skin (Ialles 4 n/ld 5), VC (If//lt' 6), and oral muco,a (hlllf' 7). Longer 
expo ' ure revcaled that another 2(..(1-kf)a protein i, e~pr{'s,ed in 
oral nlucosa (1(/ /1 (' 9) and VC (I'/lle 8). In the cxtracts ti'om VC, 
several. other protein hands hetween IJ .O to .30.0 kf) ,1 werc 
detected in addition ("Q the 14 .0- and 2(d)-kOn protein (hllll'.,· 60/ld 
8). The protein sli g htl y largl'r than 14 .0 kJ)" in the psoriatic skin 
and oral mucosa and the proteins detected in VC (excepl for 14 .0-
and 26.0-kDa proteins) indicate that there arc multiple gene 
produ c ts or cross- reart"ivity orSQ37C-Ab with another mcmber of 
the SPH .. R family. The 2(,,0-kl>a protein rccognized hy the 
SQ3 7C-Ab in extracts ti'o l1l human oral Illucosal epithelia and in 
VC of thc skin is thought to he SPIUU . bee~use tlte am in o acid 
sequence of the peptide used to raisc SQ] 7C-Ah ~hnres 94'10, 
homology with thM of SPR.R.3 (Gihh~ cl (/1. 11)9]). In accord with 
this result. C 12 PEPB-i\b recogni7ed onl y a 26. 0- k Da protein in 
extracts from VC (Fig 41" 1(1/1(' 6) and oral l1lu l"o~al epithe lia (IrllI l' 
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Figure 5. Diff('rential expression of cornifin-a and -f3 mRNA in 
several squanlons-ditTcrcntiatied tissues froln hUlnan and rabbit. 
Total RNA (7 ~I~) prepared li-ol11 NIIr:I<. hlll11,ll1, al1d n1bbit li,,,,,,, wa, 
c lcctropi1 orc..· ,cd Oil a IIYiI :lgaro .. c ge l. hintred ro Il yboud N. 1\lailtcd \\ il h 
0.04':1.. 1111,thylcll" hi lie . al1d 'l1h,,'qllently h~'hridiZl'd to \.'P-\;.lhel,'d pro he, 
ror SQ37- 1 (cortlitin-lY) or (" I 12 (nlmiti1l-f:l) . RN A ".1\ fi'om the fol\\1\"illl( 
source, . Lntl/' I. ditfl'rl,nti"ted NilE"; /'I/Ie!. normal ,ki1l li'O\n the had .. of 
4-r-01d boy; Illite 3. hUIlWll or., 1 II111Cl)~a: 'flll r -I , 1t.''iiol1;11 ... kin of p'oria ... i, 
vulgaris; I,IIIt' i. \ ' l' rnICOl1\ c:arcillfull . l: 10m' 6. rahhit ... kin: {filii' i. rabbit 
to ngu\.': 1.1111' R. f:lbhi\" \.'''Oph.li!U' . T he ('thidiunl hr('Illlidl ... -'\tainl'li 285 
ribO <Ot1l:" RN ,t"<ltllinn ~\'en In,lding of RNA <:lInple, . 
7). but not in cxtracr~ ti-om nnrtnal and psori:ltic ,kin (1,1111' / /" 5) . 
BecJuse hoth the peptide ll' l'd f'lI' r;lising C 12PEPB-Ah alld the C 
terminus peptide of SPRRJ have an oct'lpep(idl' motiC 
TK VPE *GC. in con llllon , Wl' ;1"llI11e that the' 2(1 .0-k DOl Illllllan 
co rnifill-i:ll'rotein rl'Cogni7ed hy C L 12PI:PB-Ab i, SPRRJ . 
Cornifin-O' and -/3 mRNA Is Differentially Expressed in 
Variolls Human Squamous-Differentiated Tissues As 
shown in Fig. 5. northern bl"t ana lysi s min~ the probe, for 
eorniti n-n (SQ:l7) and c() l'Ilitin-i3 (C12) re\'cail'd that a O.H-kh 
c(lrnitill-(~ /SI'RH. l lIlRN A i~ exprl'"ed in .lil '1l1l.1I110u\ differenti-
ated [i"uc' examined. ((;11 Ill' I)' differelltiated H EK\ (1,,111' I). 
1101'1llal hum,ln ,kin (I(I//(' 1). human oral 111l1CO,.l (/'1/1/' 3), p,"riatic 
skin (/til'" -I), and VC of th ' ~k in (Irll1" 5). and rahbit ~kill (Irll'" 6). 
tOllgue (Ilf/ll' i ). 'lilt! e,ophaglls (10 11 1' S). C 12 h)lhridi'£"d only to a 
I . I-kb mRNA in hUlllan oralnluc(),;1 (/11111' 3). VC; oftlH.' skin (111111' 
5) . and rahbit tonguc (1,1/1(' 7) ,1IIe! c'nph <l ~ll' (111111' 8), btu it did nOl 
hybridize in difll.'relltiated NIIEK, (/1111(' I), llnrtnal hUnl.l1l or 
psoriatic ,kill (/'"1f'S 2.-1). or ill rahhit skill (/'"1" 6) . 
\)\SCU. SION 
Our study cnntirms that cornitill -(l'/SPRR I i ~ l'~pn',sed in nonnal 
human palmopl.1I1t.lr ,kill rInd in h ai r tollick,. T he di,tributiOll of 
cornit-in -i3 in no rmal ti,slll" .11'pear> to he diHinct ti'om that of 
("ornit-in-cr. Our earlier "ud)' of no rtnal epidl,rtni, .mel localiz,llion 
of cornitin-(v usillg a diAl'rcnt ,Illtihody and a lilllircd number of 
lIormal skill S:llllpics cou ld nnt di,dosl' regional \'ariatioll' of 
cornifin -f1' (FujilllOtO cl al. 199J). Tlte SQ.l7C-Ah used ill this 'lud~ 
ckarl), shows ... ,midl.'r,lble dift,:rcll cl' of it- I'l'acti"ity with the 
grallular ce lls in epidermis: ti'om t\\'O or thrl'e ,tJ"()llgl) pO'itin' n'lI 
\;I),ers oC pall1111plantar epidermi, to no po,itin' ~r.l(lular cc' Il!. in the 
l'piderllli, of trullk ,1 111.1 extrcmirie,. MOITO' er, \\'e loulld that 
comit'l1 -lY/ SPRR I loca li 71'd ill tlte IRS in thl' h.lir follick of 
normal hlllllan sca lp ski n . T hl'''' qu.llltirati\'<' difference' of the 
I·I.O-k Da ("ornir1n-cr/ SPRR 1 l'''l'res'ion ill different anatomic !'l' -
gion' was ,' o ntirtlll'd hy ilnlllull oh lot an,liY~l'~ (Fig 4n) . TIll''l' 
result, arc cOlIsi<lellt \\"ith illlIlIUllohi'lochemil-,ll alld ill "illl h) brid-
iza tioll s(udil" sho\\'in~ that (r,lmcripts of 'ortliti ll-<l / SI'RR I .Irl' 
diffintlt (0 dl,teer in the l10rtnal hUIll,11l adult el'idertni, and in 
interapl'l'l1da~ea l epidermi' of the ' (";1 11' (Fu.iim() to c/ (1/. I(J')J: 'il ohl 
cl (/1. 1<) <)5: Y;I:1r ('I 01. 199 :;). and t1wt till' e~l'l"l'ssion of SPRIU 
prote in al1d mH, NA an' re<tri<l cd ill the p ,t1ll1 oplalltar I'pidl'rl1li~ 
( il oitl ,'I "~I, I 'J(5) . Two otlter il1l1l11llwhi,[oclll'mical ,tudic) ha"e 
also del1lomtratl'd tlte exp"""iol1 of cornit'm- o / SPRR I in thl' IRS 
of mou~e hair f (l llicl,'~ (K.lrul'\l\ ,I ('/ (\/. 1 ()'l(,: O\\"l'US 1'/ ,rI. 1<)')(.1). 
rhe fUllctioll Ilf corniri ll -Il / SPltR 1 ;tnd other ("omit-ied cm'clope 
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prccursor proteins present in the IRS, such as involu crin, pancor-
nulin, and scieiEn (Kvedar e/ aI, 1992), is not clear, however, 
because the CE is thought not to be present in the n~s (Hashimoto, 
1988). The observation of erect hair on the transgenic mice 
expressing human involucrin suggests that fomlation of root sheath 
structure depends on the amount of E-('Y-giutamyl)lysine bonds 
between involucrin and other precursor proteins (Crish e/ aI, 1.993). 
On the other hand, the il, S;/II hybridization studies showing that 
involucrin transcripts arc not present in the hair cuticle whose cells 
contain a CE structure suggcSt that involucrin does not serve as a 
precursor protein in the hair follicle (De Viragh e/ at. 1994). Further 
studies are required to elucidate whether contifin-O' has another 
function, in addition to contributing to the formation of CE in the 
hair. 
If precursor proteins in non keratinizing tissues such as the buccal 
mucosa are cross-linked by transglutaminase I, which is abundantly 
expressed were (Ta et aI, 1990) to form the CE, the qualitative 
difference of the CE between the skin and the nonkeratinizing 
epithelium may explain why it is not identified as the marginal band 
in the nonkeratinizing epitheli um . It has been reported that the 
expression of SPRRI protein is not detected in the upper digestive 
tract by a monospecific antibody against thc N-terminal peptide of 
SPRRl (Hohl, 1995). The difference between wese and our results 
may be due to the sensitivity of the antibody used. Thc SQ37C-Ab 
was shown to react with both SPRR1 and SPRR3 by immllnoblot 
(see Fig 4a); therefore, the staining pattern of this antibody in the 
ora l mucosa indicates the expression of both SPRR 1 and SPRJU 
proteins. To further confirm the expression of cornifin-Ct mRNA in 
the orall11ucosa, we performed northem blot analysis. Tlus analysis 
demonstrated that cornifin-O' mRNA is expressed not only in the 
epidermis but also in certain stratified squamous epithelial tissues. 
On the other hand, it is reported that another major precursor, 
loricrin, is expresscd in keratinizing epithelia such as the hard palate 
and gingiva, but not in non keratinizing cpithelia such as the buccal 
and csophageal epithelia (HohJ and R.oop, 1993) . These data, 
together with the characteristic function of loricrin to reinforce or 
"cement" the inncr belt of the envelopc by disulfide bonds 
(Steincrt and Marckov, 1995), suggest that onJy an immature or 
"mucosal type" CE could be formed from involucrin, com ifins, and 
some othcr CE precursor proteins in the cell periphery of nonke-
ratinizing mucou s cpithelial tissucs. Thjs CE would not be identi-
fied as a "margina l band" by elcctron microscopy. 
The cxpression patterns of cornifin-O'/SPRRI in various skin and 
epithelial inflammatory lesions, and also in hypcrproliferative and 
malignant lesions, are sinu lar to the expression pattern ofinvolucri n 
(Murphy e/ aI, 1984; Said et aI, 1984) and contrast strongly with tlle 
expression of loricrin, which is downregulated in agranulotic, 
parakeratotic lesions (Hohl, 1993). The staining intensity was 
apparcntly in accord with the dcgree of hyperplasia of thc epidermis 
and associated inflammatory infiltrates. In contrast, cornifin-Ctl 
SPRRI was not up-regulated in keratinizing disorders such as 
palmoplantar keratoderma and ichythyosis vulgaris (not shown) . 
Since thc cpidern131 hyperplasi a in inflammatory lesions such as 
psoriasis vu lgaris and Ijchen planus is affected by CytOkillCS and 
growth factors in the skin (N ickoloff. 1991; Yamamoto and Osaki, 
1995), these results may indicate that the upregulation of cornifill-
CtISPRR 1 is mediated, at least in part, by inflammatory cytokines 
such as intcrferon-y, interleukin-3, and interleukin-1 Ct, as has been 
observed ;/1 /1;11"0 (Saunders and Jetten, 1994; Yaar ef aI, 1995). 
Thc results obtaincd from immul1ohistochenustry of normal 
tissues indicate that cOtlufn-,B/S PRR3 is a unique CE precursor 
expressed normaJly only in squamous-differentiated mucous epithe-
lial tissucs. The induction of expression of comiful-,B/SPRR3 in 
verruca vulgaris, KAs, weU-differcntiated SCCs, and VC of the skill 
indicates that deviation in the pathway of kcratinocyte squamous 
differentiation can occur in some hyperproliferative and malignant 
skin lesions. The results of our study suggest that the regulation of 
cornifin-,B/SPRR3 expression is associated with extensive squa-
mous differentiation of keratinocyte and is qu ite distinct ITom that 
of cornifin-CtISPRRJ. 
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